Background: Tea is derived from the leaf of Camellia sinensis, a natural beverage widely consumed around the world. Geological and botanical evidence suggests that the tea plant originated from China. Varying methods of processing tea leaves lead to green tea, black tea, or Oolong tea, which differ in their concentrations of polyphenols. Green tea polyphenols appear to have anti-tumorigenic properties, and form 30-40% of the dry weight of green tea compared with only 3-10% of black tea. Numerous studies in multiple animal models and different cancer cell lines have demonstrated the anti-tumorigenesis by green tea polyphenols. Despite the consistency of laboratory results, evidence of this effect occuring in humans has been inconclusive to date.
INTRODUCTION:
Tea, derived from the leaf of Camellia sinensis, is one of the most frequently consumed beverages in the world after water. Varying methods of processing tea leaves lead to green tea, black tea or Oolong tea, which differ in their concentrations of polyphenols [1, 2] . The polyphenols include (-)-epicatechin(EC), (-)-epigallocatechin(EGC), (-)-epicatechin-3-gallate (ECG), and (-)-epigallocatechin-3-gallate(EGCG), with EGCG being the major polyphenol in tea and other polyphenols that are chemically related to EGCG [1] . If the leaves are immediately heated, then the enzymes that oxidise polyphenols are inactivated, and the result is green tea. If the leaves are crushed and allowed to undergo enzyme-mediated oxidation('fermentation'), much of the indigenous polyphenols are converted to thearubigins and theaflavins, which are responsible for the characteristic colour and taste of black tea. Oolong tea results from partially oxidised tea leaves [1, 2] .
The three types of tea have different concentrations of polyphenols. Tea polyphenols form 30-40% of the dry weight of green tea compared with only 3-10% of black tea [2] . A typical green tea beverage contains 240-320mg of tea polyphenols. Over 90 bioavailability studies have conclusively demonstrated that plasma concentrations of EGCG, EGC and EC reach peak levels 1.5-2.5 hours after ingestion, and that urinary excretion is mostly complete within 8-9 hours [3] . Cumulative excretion of tea polyphenols escalate by increasing the intake of green tea in humans [4] . Animal studies have demonstrated that tea polyphenols absorbed from the gastro-intestinal tract are widely distributed in body organs [5] . An increase in the antioxidant capacity of plasma occurs following ingestion of green tea in humans [6] , as does a decrease in plasma and urinary 8-hydroxydeoxyguanosine, a marker of DNA oxidative damage by reactive oxygen species [6] [7] [8] .
As a natural and historic beverage, tea is consumed worldwide, although at greatly varying levels and practices [2] . In western countries, the dominant type of tea consumed is black tea. Green tea, the main tea beverage in Japan and many parts of China, accounts for about 20% of worldwide tea production. Oolong tea, consumed mainly in southern China and Taiwan [1] , accounts for less than 2% of tea production. Tea is now grown in about 30 countries, but geological and botanical evidence suggests that the tea plant originated from China [1] . As one of the most ancient and common beverages, tea has been consumed for thousands years in the orient, and plays a central part in Chinese culture, with tea-drinking practices specific to different areas including the southeast and northeast regions of China.
For over three decades [9] , green tea has attracted increasing attention for its purported health benefits, including anti-cancer effects. Numerous studies in multiple animal models and different cancer cell lines have demonstrated anti-tumorigenesis by green tea polyphenols [10, 11] . Despite the consistency of laboratory results, evidence to date in humans has been mixed. In light of the variations in tea drinking practices, and inconclusive results from epidemiological studies, the research team performed one cohort study, and five case-control studies since 1999. These studies, conducted in southeast and northeast China, investigated whether green tea consumption was associated with longer survival rates in ovarian cancer patients, and a lower risk of incidence of ovarian, breast, and colorectal cancers, and adult leukemia. The associations between the malignancies and tea consumption were assessed by measuring type, duration, frequency, quantity of tea, and the interactions between tea consumption and other lifestyle factors.
METHODS:
The methods used in the prospective cohort study were reported elsewhere [12] . The methods for five case-control studies were similar, and details of these observational studies were published elsewhere [13] [14] [15] [16] [17] . All the participating university hospitals were public hospitals in Hangzhou and Shenyang, the capital cities of the Zhejiang and Liaoning Province respectively, with 500-2,250 beds, and received patients from across the provinces. The participants, aged 18 to 87 years, were Chinese people who resided in the provinces. Cases were identified from medical records in participating hospitals, and all diagnoses were histopathologically confirmed after surgery, or based on hematological standards. The patients were excluded if their cancer or leukemia was neither the primary nor final diagnosis. All relevant hospital and laboratory pathology reports were reviewed daily to ensure the completion of recruitment. The proportions of lost or non-responding patients among the cases ranged from 0.2% to 1.8% across the studies. During the same period of data collection, community controls were randomly selected from residents with the assistance of local community councils. Hospital controls without malignant disease were randomly and consecutively selected from inpatients, e.g. orthopedics wards, or outpatients in the same participating hospitals. These cases were matched by age, gender, and living area, using a daily update of the list of cases. Each control that consented to participate was recruited as the first within the matching criteria to attend the same participating hospital. Potential controls were excluded if they had a previous diagnosis of cancer, leukemia, or other malignant disease. The proportions of selected controls that participated in our studies were 90.0-98.8%. The projects received approvals from the Chinese hospital authorities, and from the Human Research Ethics Committee of Australian universities at which we were based.
Subjects were briefed regarding the general aims of the study to investigate lifestyle factors, confidentiality, and anonymity issues. An appointment for interview was made after obtaining their consent at initial contact. A face-to-face interview, usually lasting 30-40 minutes, was then conducted in the hospital setting using a structured questionnaire. The cases were interviewed in their wards, most of them within three months after diagnosis, while the controls were interviewed at the same hospitals, or in the communities in which they resided. A validated and reliable questionnaire was used to collect the information on: (a) demographic and lifestyle characteristics, e.g. residential area, education, smoking, alcohol consumption, and physical activity; (b) tea consumption; (c) food consumption assessed by a 100-item food frequency questionnaire; and (d) factors relevant to hormonal status and family history of cancers [18] [19] [20] . The cut-off date for dietary intake and physical activity was set as one year prior to diagnosis (cases) or interview(controls). If there were any changes in their habits recently, only information on the habits before the change was used in data analysis. The questionnaire was translated into Chinese, and re-checked after back-translation by professional Chinese translators.
Tea consumption was measured using a tea questionnaire. The reproducibility of the tea questionnaire was evaluated, and the intraclass correlation coefficient was 0.83 for tea consumption [20] . This high coefficient for test-retest reliability suggested that the questionnaire may be relied upon in assessing tea consumption. This self-reported instrument was used to assess several aspects of tea consumption. The participants were first classified as either 'never' or 'ever' tea drinkers in their lives. Information was then sought from all 'ever' drinkers on their consumption patterns, preparation methods, type of tea drank, duration of each type of tea drinking, usual frequency of cups consumed(counting the number of 350-400ml cups, the typical teacup used by residents in southeast and northeast China), frequency of new batches of tea brewed, quantity of dried tea-leaf consumed per year, and date that tea drinking ceased. The frequency of cups and number of new batch of tea consumed were categorised as: never or seldom, once a month, 2-3 times a month, once a week, 2-3 times a week, 4-6 times a week, once a day, 2-3 times a day and 4 times a day. For infrequent tea drinkers, and those drinking less than one cup at a time, the actual tea consumption was recorded. The quantity of dried tea leaves consumed per year was also requested in terms of a standard Chinese measure, the liang (equivalent to 50 grams).
All data was checked for completeness at the end of each interview. The data was coded and analyzed using the SPSS version 19.0. Data collected by different interviewers was compared, and confirmed no consistent difference in the recording of key variables such as tea consumption within cases or controls. The tea consumption variables were grouped into three or five categories to facilitate analysis with non-tea drinkers as the reference group. Demographic characteristics and potential risk factors between cases and controls were compared using a t-test for continuous variables, and Chi-square test for categorical variables. Cox proportional hazards regression models were used to obtain HRs and 95% CIs, adjusting for age at diagnosis, locality, BMI, parity, FIGO stage, histologic grade of differentiation, cytology of ascites, residual tumour, and chemotherapeutic status. ORs and their corresponding 95% CIs and p-values for potential risk factors, were obtained using logistic regression analyses, accounting for demographic, lifestyle, hormonal, and family cancer factors, and potential confounders. Univariate analysis was also undertaken to screen potential explanatory variables for subsequent multivariate analysis. Each quantitative or ordinal measure of tea consumption was subjected to a linear trend test. The studies only focused on green tea, because too few tea drinkers drank only black or Oolong tea.
RESULTS:
A total of 6308 participants were recruited to the six studies. Four studies were conducted in southeast China, i.e. a cohort study(n=254) and a case-control study(n=906) on ovarian cancer, a case-control study(n=2018) on breast cancer, and a case-control study (n=217) on adult leukemia. Two studies were conducted in northeast China, i.e. a case-control study(n=1233) on breast cancer, and another three parallel case-control studies(n=1680) on breast and colorectal cancer, and adult leukemia. location. An inverse association was observed consistently between green tea consumption, and risks of ovarian, breast, and colorectal cancers, and adult leukemia, with case mortality from ovarian cancer in our studies. In particular, adjusted HR and 95% CI for case mortality from ovarian cancer was 0.40(0.18-0.90) in those who consumed green tea at the highest level compared with non-tea drinkers. Compared with never or seldom tea drinkers, the adjusted ORs and their corresponding 95% CIs were 0.43(0.30-0.63) for ovarian cancer, 0.61(0.48-0.78) for breast cancer in southeast China, 0.39(0.17-0.91) for adult leukemia, 0.43(0.21-0.91) for breast cancer in northeast China, and 0.45(0.25-0.82) for colorectal cancer. Significant inverse doseresponse relationships were also observed for quantity, duration, and frequency of green tea consumed.
DISCUSSION:
Tea is one of the most frequently consumed beverages worldwide. Green tea is known to contain tea polyphenols and other antioxidant compounds, which may be anti-carcinogenic, and extracts of tea have been shown to block nitrosamine-induced cancer in experimental animals [10, 11] . As a possible cancer preventive agent, green tea has been the subject of considerable interest over the past 30 years. Laboratory studies based on in vitro and in vivo models have demonstrated anti-carcinogenic effects of tea polyphenols [11] , and the inhibitory effects of green tea against carcinogenesis have been consistently revealed in a variety of organs in rodents [10] . In contrast, despite such clear indications from laboratory studies, the evidence on association between green tea drinking and human cancers has been mixed, with some studies finding green tea intake associated with reduced risk of cancer. Other studies however, have found no evidence of protective activity against certain human cancers [21] . Such inconsistency may be due to differences in tea types and the duration of habitual tea consumption in various study populations, or may have been due to lack of control of confounding factors [22] . A lack of detailed and specific information on tea consumption also limited the conclusions drawn from previous research. A series of epidemiologic studies, specifically designed to evaluate the hypothesis that green tea protects against cancers, have been conducted by our research team over the past decade. From these cohort and case-control studies, we observed that green tea consumption has been consistently associated with a lower case mortality from ovarian cancer, and with decreased risks of incidence of ovarian, breast, and colorectal cancers, and leukemia in Chinese populations. Our findings are consistent with the evidence from experimental studies [10, 11] . There have now been over 50 cohort and case-control studies of green tea and cancer incidence, including those conducted in China by our research team [12] [13] [14] . Our studies have been ranked in the highest quality group by a Cochrane review of green tea and cancer [21] . The case-control study of adult leukemia that we conducted in China found that green tea drinking reduced the risk of leukaemia occurrence [15] . This study was the first of its type, and other investigators have since obtained results confirming a preventive effect on incidence in Japan and Taiwan [23, 24] . The finding is supported by an interventional study in patients with early stage chronic lymphocytic leukemia. The Mayo Clinic recently reported that EGCG intake correlated with reductions in absolute lymphocyte counts and degree of lymphadenopathy in a phase II trial [25] .
In view of the variations in tea drinking practices in southeast and northeast China, the research team performed two case-control studies in northeast China. The studies conducted in northeast China adopted the same research methods established in southeast China, and in particular, used the same questionnaire to measure tea consumption to assess potential confounders. We report the characteristics of participants in breast cancer studies conducted in southeast China 2004-2005, and in northeast China 2008-2009 in Table 1 . There were sizable variations in demographic characteristics between the participants in these two studies, including education, living in a rural area, tobacco smoking, alcohol drinking, physical activity, and energy intake. Particularly, there were a differences in tea consumption between the participants in southeast and northeast China. Despite the different distributions of tea drinking in these two Chinese populations, the apparent protective effects on breast cancer in both populations were of mostly the same magnitude.
Most studies yielding null results in this field have been conducted in western populations that exclusively consume black tea [26] . It is important to identify the potential confounders of green tea consumption in these and other study populations. Our studies found that green tea drinkers were more likely than non-tea drinker to reside in urban areas, have better education, and have a higher consumption of coffee, alcohol, soy, vegetables, and fruits [14] . Thus, any residual confounding from these lifestyle factors may affect the apparent protective effect of green tea.
Since the finding that green tea has a protective effect on cancers has important implications, it is necessary to emphasise the limitations and strengths of our work to date. A feature of our approach has been that extensive information was obtained on tea consumption as well as on diet, lifestyle, and factors relevant to hormonal status. A validated and reliable instrument specifically for Chinese populations was used to collect the information. Test-retest results confirmed the reproducibility of the questionnaire. Nevertheless, the case-control design may have introduced certain sources of bias. The cancer cases were identified from medical records, and interviewed in wards, while the controls were randomly selected from inpatients or outpatients in the same hospitals by matching the cases.
We conducted three case-control studies on leukemia, breast, and colorectal cancers in China between 2009 and 2010, using duplicate, parallel community, and hospital control groups that matched separately to the incident cases by age, gender, and residency. Demographic and lifestyle factors were measured and compared between the two control groups. We found that hospital controls were comparable with community controls for most demographic characteristics and lifestyle factors measured. It has been argued that due to the structures and processes of the health system in China, hospital outpatients provide a satisfactory control group in hospital-based case-control study in the Chinese hospital setting [17] .
Our research interest on any type of tea consumption(not specifically green tea), and the cancers studied, were revealed at the time of the interview to participants to explain why the questions on tea were so detailed. However, in assessing the likelihood of any information bias which we consider to have been low, it was relevant that no mention occurred in popular media of any association between tea consumption and cancers prior to, and at the time of the research. Although tea consumption, like other personal habits, can be reported by the subjects with reasonable accuracy, misclassification of exposure may still exist. However, such errors are likely to bias results towards the null, and could not account for the strongly inverse associations reported here. Exposure of cases to risk factors may change due to disease status. However, the majority of cases were newly diagnosed and interviewed within three months. It appears unlikely that disease status materially affected the interview responses. The notion that cases would have either recalled more tea drinking or dramatically increased their tea drinking is implausible.
This summary report of six observational studies provides strong evidence that green tea consumption is associated with an improved survival of ovarian cancer, and a reduced risk of occurrence of certain cancers and adult leukaemia. We have almost completed three parallel case-control studies on breast and colorectal cancer, and adult leukemia with ascertainment of 16 genetic polymorphisms in an effort to illuminate molecular causal pathways. We have been conducting three placebo-controlled randomised clinical trials in Australia and China since 2009, using encapsulated green tea extract to assess the effects of green tea polyphenols in slowing leukaemia progression, and decreasing breast mammographic density and hormones levels in the peripheral blood of women who are at high risk of breast cancer. These on-going studies will provide further evidence on whether or not green tea has protective effects against cancers.
CONCLUSION:
In conclusion, our studies suggest that higher consumption of green tea enhances survival of ovarian cancer, and decreases the risks of ovarian, breast, and colorectal cancers, and adult leukemia. It follows that increased consumption of green tea in those having little or no consumption could protect against cancer development and progression. This finding has biological plausibility, and is supported by strong evidence of tumor-inhibitory effects of green tea in animal studies and other in-vitro and in-vivo experiments. More research to examine the nature of any causal relationship between green tea consumption and cancers is warranted. Evidence from our observational studies, which supports the protective effect of green tea against cancers, provides a knowledge platform from which to launch interventional studies for cancer prevention at the next stage. This logical and well justified next step has now commenced.
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